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TITLE: TRANSMIT AND RECEIVE PROTECTION CIRCUIT 



FIELD OF THE INVENTION 

The present invention relates to electronic protection circuits. More particularly, the 
present invention relates to electronic protection circuits for use inatran^^^^^^ 

transmitter and receiver. 

BACKGROUND OF THE INVENTION 

Conventional transmit and receive circuits, such as those found in radio transceivers, 
contain a protection circuit for isolating a receiver from a transmitter while allowing the 
receiver to receive signals from an an,era,a. The protection circuit allows low power AC input 
signals received at the antenna to pass from the antenna to the receiver, while protecting the 
receiver from potemially damaging high power AC cuTents within the transceiver. The high 
power AC currents may be generated by the transmitter or other components located within 
the transceiver. The protection circuit is typically coupled between the receiver side and the 
antenna/transminer side through AC coupling capacitors to prevent DC currents from flowing 
between the protection circuit and other transceiver components while aUowing AC signals to 
pass. 

FIG. 1 A depicts a prior art transmit and receive protection circuit 10 used in a 
transceiver. The protection circuit 10 allows low power AC input signals to pass from an 
antemia 11 over an input line 22 to a receiver 13 over an output line 24 while isolating the 
receiver 13 from potentially damaging high power AC signals generated by a transmitter 15 
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typically located within the transceiver. The circuit in FIG. 1 contains a four-diode gate 12, 
AC coupling capacitors CI and C2, and resistors Rl and R2. 

in protection circuit 10. the input line 22 ftom an antenna 11 and transmitter 15 is 
coupled to an input side 26 of the four-diode gate 1 2 through the AC coupling capacitor CI. 
and the receiver output line 24 is coupled to an output side 28 of the four-diode gate 12 
throughthe ACcoupUngcapacitorC2. The AC coupling capacitors CI and C2 prevent DC 
current from flowing between the protection circuit 10 and other transceiver components over 
the input line 22 and the output line 24, while allowing AC signals to pass from the input line 
22 to the four-diode gate 12 and from the four-diode gate 12 to the output line 24. 

The four-diode gate 12. comprising diodes 14, 16, 18. and 20. operates to allow small 
AC signals to pass from node v. to node v, whUe clipping large AC signals in order to protect 
the receiver 13. For descriptive purposes it will be assumed the diodes 14, 16. 18, and 20 are 
identical diodes. When sufficient current flows through resistors R, and R. all diodes 14, 16, 
18, and 20 are on and a small AC signal present at node v, is passed to node Vo„ because the 
voltage level at node v^ will substantially follow the voltage level at node v.. When a,e 
current flowing through resistors R, and R, is substantially zero, all diodes are off and there is 
little coupling between node and node Vqut- 

The four-diode gate 12 clips large AC signals by switching diodes 14, 16, 18. and 20 
depending on the AC voltage level at node v„ and the current flowing in the respective diodes. 
When the AC voltage at nodev^exceedsathresholdvotoge which is approximately0.6V 

(the voltage potential required for diode 14 to be forward biased) less than the voltage on 
node 30. which is the voltage level V+ minus the voltage drop across resistor R, diode 14 will 
be reversed biased, i.e.. mmed off. Similarly, when diode 14 turns off. diode 20 will also turn 
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off. Altemativdy. when the AC voltage level a. node v„ drops below a threshold voltage 
which is within approximately 0.6V (the voltage potential required for diode 16 to be forward 
biased) of the voltage on node 3 1 . which is the voltage level V- plus the voltage drop across 
resistor R. diode 16 will be reverse biased, i.e. turned off. Sinularly, when diode 16 is off, 
diode 18 will also turn off. The diodes will turn off and on as the AC voltage at node v„ 
crosses the threshold voltages, with diodes .4 and 20 turning off for high positive voltages and 
diodes 16and 18 turning off for high negative voltage causing the voltage level passed from 
node V. to node v^ to be clipped, thus preventing potentially damaging AC voltages from 
reaching the receiver 13. 

The DC current through the diodes 14, 16, 18. and 20 are regulated by the values 
chosenfortheoircuitsupplyvoltagesV+andV-and.heresisU,rvalueschosenforR,andR,. 

As the DC current through the diodes goes up, the AC resistance of the diodes goes down. 
Therefore, the higher the DC current through all of the diodes the lower the loss of a signal 
passing from input line 22 to output line 24. 

no IB iUustrates a restriction imposed on protection circuit 10 of FIG. 1 A. Currents 
i,, and ic. are DC control currents and currents i„ and i^ are AC signal currents. If all the 
diodes are identical, the DC control current i^ is determined by dividing the potential 
difference between V+ and V-, less the forward bias voltage drop of diodes D, and D, in 
parallel witi, diodes D. and D. by the resistance of resistors and R. For purposes here, the 
AC resistance of the diodes are non-linear and approximately inversely proportional to the DC 
current ther^n. Up to this point, it was assumed that the DC control currents i,, and i^, were 
each one-half of DC control current i, and the AC signal currents i„ and i., were each one- 
half of the total signal current U because i, was assumed that all of the diodes were identical. 
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However, discrete diodes are notoriously poorly n.atched. and diodes formed in a common 
substrate may no. be well matched either. Individual diodes in paraUel arrangements can 
conduct widely disparate amounts of current and their effective AC resistance are very 
sensitive to DC current flow and, therefore, the AC resistance of the individual diodes can 
vary greatly. This results in control currents which are unpredictable and vary on the input 
side 26 and the output side 28. leading to losses in the protection circuit .0. Unless rigorous 
matching techniques are appUed, the protective circuit may have unacceptable loss. The 
matching techniques may be expensive and time consuming, leading to high costs. 

SUMMARY OF THE INVE^JTION 

The present invention discloses a superior transmit and receive protection circuit for 



use 

currents 



in a communication system. In the superior transmit and receive protection circuit, the DC 
through an input side and an output side of a four-diode gate are controlled 
independently. By independently controlling the DC currents through each side of the four- 
diode gate, more control over the DC currents through the individual diodes of a four-diode 
gate is achieved. This allows a four-diode gate having low AC resistance to be created in 
which low power AC signals on an input side of the four-diode gate are a«ura.ely reproduced 
on an output side of the four-diode gate. The invention can be implemented with common 
resistors, diodes, and capacitors. This arrangement results in an inexpensive, predictable, low 
loss transmit and receive protection circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure lA is a circuit diagram of a prior art transmit and receive protection circuit; 



MCLELLAN 13 

PATENT 

Figure IB is a circuit diagram depicting the four-diode gate of FIG. 1 A; 
Figure 2A is a circuit diagran. of a preferred embodimem of a transmit and receive 
protection circuit inacommunioationsysten, in accordance with the present invention; 

Figure 2B is a circuit diagram of an ahemative embodiment of a transmit and receive 
protection circuit in a communication system in accordance with the present invention which 
exhibits reduced current requirement; 

Figure 2C is a circuit diagram of an alternative embodiment of a transmit and receive 
protection circuit in a communication system in accordance with the present invention which 
Utilizes a current reuse scheme; and 

Figure 2D is acircuit diagram of an alternative embodiment of atransmi. and receive 
protection circuit in a commumcation system in accordance with the present invention which 
utilizes current sources. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention disclosesasuperior transmit and receive protection circuit for 

use in a communication system. The invention aUows the DC current through individual 
diodes of a four-diode gate to be selectively controlled. By controlling the currents through 
the individual diodes, the protection circuit can offer improved predictability and loss 
characteristics without the need for elaborate diode matching The present invention can be 
implemented with minimal cost using readtty available components 

FIG. 2A depicts a preferred embodiment of the present invention in an exemplary 
communication system 100. In the preferred embodiment of the pres«,t invention, the 
proteaion circuit 101 comprises an input side 150 comprising resistor 122. diode 102. diode 
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,04, and resistor .24 com,ec.ed in series between a first potential 1 30 and a second potential 
132; and an output side 152 comprising resistor 126. diode 106. diode lOS. and resistor 128 
connected in series between the first potential 130 and the second potential 132. Diode 102 
and diode 104 fom, an input temunal 103 at their connection; and diode 106 and diode 108 
form an output .em»nal 107 at their connection. Protection circuit 101 may also comprise AC 
coupling capacitorsllO,. 12,118. and 120. In the preferred embodiment first potential 130 is 

a positive voltage and second potential 132 is a negative voltage, however, other voltage 
combinations could be used as long as the first potential 130 is more positive than the second 
potential .32. Diodes 102. .04. 106. and 108 are preferably conventional PN junction diodes 
due to the low cos. of such diodes but other kinds of diodes, such as PIN or Schottky diodes, 
may be used. 

f TheDCcontrolcurrentthroughtheinputsidelSOisdeterminedprintarilybythe 
I values chosen for resistors 122 and .24. voltages V-^ and V-. and secondarily by the 
1 characteristics ofdiodes 102 and 104. Ukewise. the current through the output side 152 is 
qs determined primarily by the values chosen for resistors 126 and 128. voltages V. and V-. and 
secondarilybythecharacteristicsofdiodesloeandlOS. Since the currents are primarily 
determined by the resistance of the resistors, which exhibit more accurate and stable resistance 
characteristics than diodes, the DC control currents through the four-diode gate can be weU 
controlled. By individually regulating the DC control currents through each side 150 and 1 52, 
20 different DC control currents in each side can be avoided, thus the losses to an AC signal 

passing through the diodes due to high effective AC resistance of the lower current earning 
diodes can be reduced. A fl.rther advantage is that since the DC control current is well 
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contrcUed. .he allowable signal cu.e„. 1. becomes pred,«able. Preferably, 

0„„e„t.hrougheachside.50a„dl52aresub«a...aUye,u... 

Capae.orsllOa„ain.e.Ccoupl.SC.ao.orsrorcoupB.gtl,e.Cc„.ponen . 

„„.be.p.s.e.SO.o.becu.pu..ae,S. CapaoHors US and UO are .0 co„P«„. 

.,a.:..a.oc„..eanlnp..g^on.p..en.o.elnp..e.Oo.pro..^^^ 

.,.,,0.and.o.o„ple.beo.p.slde,«o.pro.e.lvec....OUoa„o.p.ne^ 

...^.ely.«.edi„.bepre.rrede.bodln,e.,.Ceo„p.^ 
.Oaren„.re,.red>n.bepre..— .oacMevelmprove.en.over*epnorar..no 

,^«ean.DCcurren.wouldflow.hroughlnputl.en4orou.pu.Unen6. 

nO.Bdepic.anal.emaUveen,b„dln,entoftbepresen.— „lnanexen,,a.y 

.™n„nlca.ionsy.en,.OO.Xn*eal.ernaUveen.bod.e„.onHepresen..^^^^^ 

_lonelr.l.l01..rbee.cep.n*a.re..or..andns..0...ar^ 
L..,ere..or,3.1npro.e.lonolronlUO,,andcapae.orU.nn0....sel— 

...orpa*>„.osecondpoUn.a,13XBycornbl.ng.e.rren.ln.a.n.ere.„vepa.. 

_.andco.ponen.....o.bere.-^..bepro.e.lo„.c..01a..e.^^^^ 
..elo.l„.dependen.o„n.r„lover.beo„rre„.«o.ng«pa.l..S.a„dlS.Tb^^ 

e™boa.e.e.«b.sln...in,proven,en...o..sandpredlc.bU>.over.Hepn.^ 

10 preferred embodiment. 

.en^pla.— «o„.s.e™3.. In .be al.ema.ive e.bod>n.e„. or.e presen. 
inven.io.pro.e«-.onoir.i.301u..a.ngle.rre«pa.bfor.beinp.por.ionn0.d*e 
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1 72 of the protection circuit 301 uipu. v 

,O..A.T.ep™tecti„nc,rc.it30.co.p ^^^^^^^^^^^ 
,0,,..eaaa.o„o.....capac.tot.aO . ^^^^^^^^^^^^^^ 

^inn 172 of the protection circuit 301. This arrang 

l„,„^WbotH..eU,..pon>onnOanatHeoutp. 
..dtoforwardbiasthediodestobeused „„„„„u„e„t to achieve a 

. ,72ofthepro.ec.ioncircuit301,therebyreusingtheDCcontro 
ponionnaofthep „,_„,^„.„„e<,uire.ei«s Thearrangement 

„oreefficientpro.ec.ioncircu,t301mtenn, I„ ,<,aition to 

..„.......ea»o.tof.Cco„tro..ent«„^S-»o„..ch.^^^ 

.„e„tsa..M..— ta.oe^hUs-ari.np— 

o.erthepHotanas.heptere„ede.hod>.en.. 

HG ^Ddepictsanotheraltemativeemboditnentoftheprese 

■ ,.em400 this ahen».ive embodiment of the present 
exemplary conununication system 400. in preferred 

■ ■.40UssimUartotheconfigurationusedmthepreferre 
invention, protection circuit 401 .s sim. 

..cion circuit 101 with the exception that resistors 122, 124, 
, embod.entprotec.ionc.cu ^^^^ „,e«ive.y. This 

arerep.acedwi.hcurre.tsourcesl22A,mA, ,„„^,, 
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substantially equal and substantially constant. Other variations will be readily apparent to one 
skilled in the art. 

Having thus described a few particular embodiments of the invention, various 
alterations, modifications, and improvements will readUy occur to those skilled in the art. For 
5 example, current sources may replace some or all of the resistors as appropriate. In addition, 
the invention can be implemented using discrete componerts or integrated circuit technology. 
Other kinds of diodes may be used, including diode^nnected bipolar and «eld effect 
transistors. Such alterations, modifications and improvements as are made obvious by this 
1 disclosure are intended to be part of this description though not expressly stated herein, and 
|o are intended to be within the spirit and scope of the invention. Accordingly, the foregoing 
I description is by way of example only, and no. limiting The im-ention is Ihnited only as 

f defined in the following claims and equivalents thereto. 
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